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I. Introduction 

During this report period our effort has concen- 

trated on analysis of data from previous rocket experi- 

ments and the preparation of two new rocket experiments 

4.334 UA and 26,039 UG,both of which were successfully 

launched in March 1975. 

results as well as the new instrumentation developed 

for the experiments are described below. We also 

The preliminary scientific 

describe the results of the data analysis for previous 

rockets and the status of the laboratory and instrumenta- 

tion studies. 

11. Laboratory and Instrumentation Studies 

Dr. Doering's laboratory work has continued in the 

area of electron and positive ion scattering from gases, 

In particular, Drs . Bregman-Reisler and Doering have 
clarified the optical emission spectrum of C02 excited by 

positive ion bombardment in two recent papers. 

Dr, Dagdigian is studying the laser excited 

fluorescence of small molecules. He and Dr, Feldman 

are a l so  designing a rocket-borne laser fluorescence 

experiment. The experimental work by Mr. Woodworth and 
Dr. Moos on the forbidden 2 3 S l +  1 1 So transition in He 

is now complete. The result in conjunction with beam 

foil experiments near Z = 18 demonstrates that the 

theoretical calculation of the radiative transition rate for 

2 electron ions which varies strongly, as Zl', is valid 
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over a wide range of ions.  

confidence f o r  the s o l a r  corona and o ther  as t rophysical  

Hence, it may be used with 

EW and s o f t  x-ray sources.  

M r .  McClintock and Professor  F a s t i e  have constructed 

a 0.75 m 

design using a high transmission prism €or cross dispers ion.  

Optical  and spectroscopic  q u a l i t y  s tud ie s  i n  the v i s i b l e  

show a spot  size of ZOp over the 5 c m  x 2 cm de tec tor  

f o c a l  length eche l l e  spectrograph of a new 
\ 

plane f o r  a point  image source; a resolving power 

b e t t e r  than 10 5 has been achieved. The instrument is  

small  and l i g h t  f o r  such high reso lu t ion .  The op t i c s  

produce a spectrum i n  a 5 x 2 c m  foca l  plane which i s  

s u i t a b l e  f o r  matching with e l ec t ron ic  multispectral .  

element de tec tors .  

A s  p a r t  of the au ro ra l  rocket,  4.334,two new 

spectrometers were flown. An extreme u l t r a v i o l e t  (EW) 

instrument using a concave g ra t ing  w a s  developed by 

Professor  F a s t i e .  This instrument uses many of the  

components of the  s m a l l ,  l igh t ,  0.125 m e t e r  Ebert  

developed by this laboratory i n  1973 . The new ins t ru -  

ment i s  a l s o  s m a l l  and l i g h t  ( 3  l b . )  with d i g i t a l  motor 

con t ro l  and s e n s i t i v e  d i g i t a l  photon de tec t ion ,  The 

apparatus and procedure f o r  c a l i b r a t i o n  of the EW 

spectrometer were developed by M r .  Park. The second 

instrument was ar, i n f r a red  Ebert .  A highly s e n s i t i v e  
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i n f r a red  de tec tor  of i n t r i n s i c  germanium w a s  developed 

by M r .  Bei t ing and flown with t h i s  instrument.  

A microchannel chevron de tec tor  with r e s i s t i v e  

s t r i p  readout was flown successful ly  on 26.039 UG. I n  

preparat ion f o r  t h i s ,  the  e l ec t ron ic  and photometric 

proper t ies  of microchannel p l a t e s ,  bare  and over coated 

with C S I  photocathodes 

The s tud ie s  show t h a t  the p l a t e  i s  a rugged, high quantum 

were s tud ied  by Mr. Weiser. 

e f f i c i ency  device.  

readouts such as the r e s i s t i v e  s t r i p  make i t  a mult i -  

s p e c t r a l  element detector ,  providing an enormous enhanctement 

The s p a t i a l  r e so lu t ion  provided by 

i n  s e n s i t i v i t y .  The devices were reputed t o  be s e n s i t i v e  t o  dust  

and scratches,  bu t  with proper handling procedures t h i s  

was found not t o  be a ser ious  problem. M r ,  Vi tz  developed 

a high e f f i c i ency  p r i s m  spectrometer f o r  the  rocket  

experiment which uses a Vacion pump t o  maintain the 

microchannel de t ec to r  and spectrometer a t  lO-'torr u n t i l  

a l t i t u d e .  

111. Rocket Experiments 

The a u r o r a l  Aerobee rocket ,  4 , 3 3 4  UA, prepared 

under the  d i r e c t i o n  of D r .  Feldman, contained 

seven coordinated experiments. 

launched from Churchi l l  Research Range on 10 March 1975 i n t o  

an LBC 11 aurora preceded by s t rong  magnetic a c t i v i t y .  

It was successfu l ly  

A 
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preliminary look a t  the da ta  shows 

NO y-bands i n  emission, ind ica t ing  

the  presence of the 

an anomalously high 

concentrat ion of n i t r i c  oxide i n  t h i s  aurora,  much l i k e  

the  condi t ions seen by D r ,  Z ipf ' s  mass spectrometer 

during our j o i n t  a u r o r a l  experiment with the  Universi ty  

of P i t t sburgh  i n  1970 (4,309 UA).  

payload, two new spectrometers w e r e  flown, one t o  scan 

the extreme u l t r a v i o l e t  from 750 t o  1250 A, and the  

o ther  an in f r a red  spectrometer with a range from 1.1 

t o  1.7  P. D r .  Doering contr ibuted the  recoverable 

dual  a u r o r a l  e l ec t ron  spectrometer package f o r  t h i s  

experiment . 
energy (.1-25 keV) e lec t ron  spectrometers worked w e l l .  

A s  p a r t  of t h i s  

Both the  low energy (1-100 e V )  and high 

Another experiment prepared during the repor t  per iod 

w a s  a piggy-back u l t r a v i o l e t  spectrometer designed t o  

look fo r  n i t r i c  oxide fluorescence i n  a s u n l i t  aurora .  

This instrument w a s  included i n  a Nike-Apache payload 

b u i l t  by D r ,  Georg Witt of the Meteorological I n s t i t u t e  

of the Universi ty  of Stockholm and w a s  flown f r o m  

Esrange, Kiruna, Sweden on 5 March 1975. The experiment 

w a s  unsuccessful due t o  rocket f a i l u r e ,  but w e  plan t o  

repeat  i t  during a fu tu re  rocket campaign i n  the f a l l  

oE 197s. 

Aerobee 26.039 UG c a r r i e d  our 14 inch diameter one 

arc second point ing te lescope t o  observe Saturn,  Boo 

and a Aur, A coordinated observation of Boo by the 

Princeton Experimental Package on OAO Copernicus w a s  

performed a t  t h e  s a m e  t i m e  permit t ing cross  ca l ib ra t ion .  
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The use of two i n s e r t a b l e  entrance s l i t s  allowed a 

large p a r t  of the Saturnian r ings  t o  be blocked f o r  ha l f  

of t h a t  observat ion.  The r ad ia t ion  from 1150-1750 A w a s  

analyzed with the  p r i s m  spectrometer and microchannel 

chevron de tec tor  discussed i n  sec t ion  11. The very high 

transmission and quantum e f f i c i ency  of the instrument 

and the use of the  mul t i spec t r a l  element de t ec to r  made 

t h i s  the  most s e n s i t i v e  astronomical instrument w e  have 

ever  flown. The instrument and all rocket  support  

systems worked pe r fec t ly  and the  package was recovered i n  

near pe r fec t  condi t ion.  Un t i l  the  f l i g h t  t a p e s  have 

been reduced t o  be compatible with our computer systems 

only a very preliminary znalysis  has been poss ib le .  

a Boo and a Aur’(which recent ly  has  

s o f t  x-ray emission (R.C. Catura, L. W .  Acton and K .  M. 

been observed t o  have 

Johnson, Ap. J .  Letters 196, 47 (1975)) show very - 
d i f f e r e n t  spec t r a  both i n  i n t e n s i t y  and the  types  of 

l i n e s  which are exci ted:  Saturn shows long wave radia-  

t i on ;  the  sho r t  wavelength s p e c t r a l  region 

- espec ia l ly  La, w i l l  r equi re  a d e t a i l e d  ana lys i s .  

IV. Data Analysis 

D r .  Feldrnan has completed ana lys i s  of the  cornet 

da t a  obtained on our Comet Kohoutek experi-  

ment (26.023 UG, launched 4 January 1974). The 
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most important r e s u l t  w a s  the  de tec t ion  of atomic carbon 

v i a  i t s  resonance l i n e s  a t  1657 and 1561 A ,  The pro- 

duction rate w a s  found t o  be comparable t o  t h a t  f o r  

water vapor and i m p l i e s  a source of carbon o ther  than 

parent hydrocarbons. W e  a l so  detected the oxygen 

resonance l i n e  a t  1304 A, but were not  s e n s i t i v e  enough 

t o  see  f luorescence from CO (a l i k e l y  parent  of t he  

observed carbon) i n  the fou r th  pos i t i ve  bands. Since 

the fluorescence rate i s  dependent on the  ve loc i ty  of 

the comet r e l a t i v e  t o  the sun, the production rates 

derived from the observat ions requi re  d e t a i l e d  knowledge 

of t h e  s o l a r  l i n e  shapes and i n t e n s i t i e s ,  A study of 

t h e  resonance f luorescence f ac to r s  w a s  c a r r i e d  out  by 

D r .  Feldman i n  co l labora t ion  with D r s ,  R .  R .  Meier, 

C, B.  Opal and K, R. Nicolas of the  Naval Research 

Laboratory and made use of recent  s o l a r  u l t r a v i o l e t  

spec t ra  obtained by the Skylab program. The r e s u l t s  of 

t h i s  study were presented a t  the  IAU colloquium on comets 

held a t  GSFC i n  October 1974. 

The Comet rocket  a l s o  provided extremeLy f i n e  

tw i l igh t  spec t r a  from which two important new aeronomic 

r e s u l t s  have been drawn. F i r s t ,  bands of the  n i t r i c  

oxide y and 6-band sys tems w e r e  observed, and i t  w a s  

possible  t o  show t h a t  the 6 -bands r e s u l t e d  from t h e  

chemiluminescent reac t ion  of atomic oxygen with atomic 
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nit rogen.  From these da t a  t h e  N concentrat ion w a s  

derived. The NO y-bands, on the  o ther  hand, are 

produced by resonance s c a t t e r i n g  i n  the  s u n l i t  region, 

and permitted a simultaneous determination of the NO 

densi ty .  The d e n s i t i e s  so  determined w e r e  a t  a 

variance with recent ly  published models and have had a 

ser ious  impact on the  models of odd ni t rogen chemistry 

i n  the thermosphere. Inc identa l ly ,  the  high N dens i ty  

derived from t h i s  experiment i s  i n  exce l l en t  agree- 

ment with the value derived from our ana lys i s  of our 

December 1972 u l t r a v i o l e c  dayglow da ta  (see below). 

The second r e s u l t  i s  the f i r s t  reported observa- 

t i on  of the  forbidden 2P-4S t r a n s i t i o n  of O+ a t  2470 A 

i n  t h e  undisturbed ionospheric airglow. D r .  Feldman 

and D r .  Takacs r ecen t ly  completed a mode1 c a l c u l a t i o n  

i n  which photoionizat ion and photoelectron impac t  

ion iza t ion  of atomic oxygen w e r e  shown t o  s a t i s f a c t o r i l y  

account f o r  the observed emission rates and a l t i t u d e  

dependence. The value of t h i s  observat ion over dayglow 

observat ions is t h a t  the emission i s  produced a t  

a l t i t u d e s  above 300 km and i s  almost completely f r e e  

of competing co l lo s iona l  quenhhing effects which 

dominate a t  lower a l t i t u d e s .  
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The ana lys i s  of the  dayglow spec t ra  obtained on 

13 December 1972 (13.096 UA) has been completed by 

D r .  Takacs. 

l e v e l  from the g ra t ing  used, these spectra are an 

order  of magnitude b e t t e r  than previous work and p e r m i t  

pos i t i ve  i d e n t i f i c a t i o n  of fea tures  as weak as 5-10 

Rayleighs. As noted above the  atomic ni t rogen con- 

cen t r a t ion  w a s  der ived from the observed emission rate 

of atomic ni t rogen t r a n s i t i o n s  i n  the u l t r a v i o l e t ,  and 

w a s  found t o  be s i g n i f i c a n t l y  higher than the predict ions 

of recent  models. Another surpr i s ing  r e s u l t  c a m e  from 

Because of the very low s c a t t e r e d  l i g h t  

a comparison of molecular oxygen dens i t i e s  determined 

from t h i s  rocket  and from a Universi ty  of Colorado 

rocket (13.094) flown two days l a t e r  - an increase of 

a f a c t o r  of 2 i n  the O2 densi ty  a t  120 km 

i n  a span of 48 hours. The technique 
used, the  observat ion of a t tenuat ion of u l t r a v i o l e t  

rad ia t ion  i n  the O2 Schumann-Runge continuum, i s  in-  

dependent of absolute  instrument c a l i b r a t i o n  so  t h a t  

the increase cannot be accounted f o r  by measurement 

uncertainty.  The shor t  time s c a l e  fo r  t h i s  change 

, ind ica tes  t h a t  previous claims of seasonal  v a r i a t i o n  i n  

O2 densi ty  w e r e  probably based on an i n s u f f i c i e n t  sample 

of da t a  points ,  and t h a t  the dynamical behavior of the 

atmosphere near  the turbopause is g rea t e r  than expected. 



-9- 

Data from our previous au ro ra l  rocket  (4.320 UA, 

1 7  March 1972)  w e r e  a l s o  analyzed. 

on the secondary e lec t ron  spectrum and the r e l a t e d  

o p t i c a l  emissions. 

Work w a s  completed 

The O2 (0 ,O)  atmospheric band a t  

7620 A w a s  found t o  be the b r i g h t e s t  of the observed 

emission f ea tu res  ( i t  cannot be observed from the 

ground because of self-absorpt ion by 02). Work was 

begun on modeling the  exc i t a t ion  of the O2 (b l +  Zg ) 

deac t iva t ion  of 0 ( 1 D)by O2 cont r ibu tes  about 
s t a t e  and our prel iminary r e s u l t s  i nd ica t e  t h a t  c o l l i s i o n a l  

an order  of magnitude more than d i r e c t  e l ec t ron  exci-  

t a t i o n  of 02. 

D r s .  MOOS, M r ,  G i l e s  and M r .  McKinney have 

conpleted the da ta  analysis from berobee 13.047 on which 

J u p i t e r  and a Boo were observed. I n  addi t ion  t o  Lya 

emission, J u p i t e r  shows r e f l e c t e d  s o l a r  r ad ia t ion  from 

1650-1900 A which ind ica tes  low NH3 and hydrocarbon 

abundances in  the  upper p a r t  of the lower atmosphere. 

Complex emissions were also observed from 1250 - 1550 

0 

which w e  have been ab le  t o  show come from l o w  energy 

photo o r  au ro ra l  e lec t rons  impacting on H2. a Boo has 

a remarkably c lean  spectrum, cons i s t ing  o€ L a  and 

O f  1304. It i s  very d i f f e r e n t  from that of the  sun and 

a Aur (Section 1x1). The absence of S i  I V  1400 A 

and C IV 1550 A i nd ica t e s  a corona with temperature.s 

below 5 x 1 0 4 0 K  o r  g r e a t e r  than 2.5 x lOS0K;  most 

0 

0 
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l i k e l y  the l a t t e r  case i s  t rue .  

Studies  of the  absolute  br ightness  of the stars 

A s tudy is i n  the f a r - u l t r a v i o l e t  have continued. 

under way of the f a r - u l t r a v i o l e t  spectrum (1100-3000 A) 

of the unreddened manganese star a Andromedae obtained 

i n  Aerobee rocket  f l i g h t  26.023. Data obtained on the  

0 

Apollo 1 7  mission have been analyzed f u r t h e r  and 

the c a l i b r a t i o n  thus obtained i s  being intercompared 

with observat ions of hot  stars by the  Copernicus 

s a t e l l i t e .  Further  work i s  planned on the c a l i b r a t i o n  

problem, i n  the  form of a f l i g h t  i n  Aus t r a l i a  i n  August, 

1976. 

September 1, 1975 - August 31, 1976 submitted with t h i s  

progress r epor t .  

The experiment i s  descr ibed i n  the  proposal  f o r  

The s tudy of the f a r - u l t r a v i o l e t  background radia-  

t i o n  by D r .  Henry i s  continuing using rocket  photometer 

measurements, Apollo 1 7  da t a  and s t a r - ca t a log  in t eg ra t ion .  

A t  the  very least an upper l i m i t  on any possible  cos- 

mological background r ad ia t ion  has been set, which i s  

about a f a c t o r  5 below previous upper l i m i t s .  It a l s o  

appears  t h a t  a marginal s i z n a l  w a s  ac tua l ly  obtained on 

Apollo 17 ,  and the  ana lys i s  of the  da ta  is  cont inuing i n  

the  hope of determining whether the r ad ia t ion  i s  g a l a c t i c  

f a r - u l t r a v i o l e t  s t a r l i g h t  s c a t t e r i n g  off  i n t e r s t e l l a r  

grains  a t  high g a l a c t i c  l a t i t u d e ,  OK is  ex t r aga lac t i c .  
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A paper  w i l l  be published i n  a f e w  munths. 

the  quest ion f u r t h e r  experimentally, a package i s  being 

To pursue 

prepared which w i l l  f l y  i n  February 1976 as an add-on 

experiment on a West German Aries rocket t o  be f l o w n  f r o m  

White Sands Missile Range. 
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